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Light U(1) boson, kinetically mixed with hypercharge
Well motived (e.g., PAMELA, Fermi-LAT data)

A target of numerous experimental searches:
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These dark photons / Z's couple flavor-universally.
However, there are other possibilities.
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Dark SU(2)

Vector-like doublet under SU(2)p : (A different portal.)
Ly, Efg

Same electroweak quantum numbers as er

Complex scalar doublet ¢ ~ 2, (¢) = ( vp?\@ > .

Allows for mixing. For example

LOhUpdEY +h ewipd®EY + h.c.

SM leptons couple primarily to dark gauge bosons via
mass mixing.
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Simplified case: ' =0 Let ¥ = (p, E®)T

)\I/R+h.c.,

where dm = hvg/v?2
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Or ~ om/M Or, ~ (m,/M)(dm/M)
Also define
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Then one finds:
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These vertices lead to new contributions to muon g-2
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Symmetry Structure

Non-generic flavor structure from a discrete symmetry:

Gp = A,
Irreducible representations: 3, 1°, 17 and 1.

Usual assignments for tribimaximal neutrino mixing:
Lp~3,ep~1° up~17 75 ~ 17

Flavon fields:

Vs
(ps) =




Symmetry breaking:

Charged lepton sector: (pr) breaks A4 — Z3

NeUtrinO sector: <SOS> breaks A4 s Z2

e.g., under the unbroken 7; elements of Y; transform by

1 n 7
n° 12 0
n n° 1

the phases where 7’ =1

Guarantees diagonal form (up to small corrections):




Assign flavor quantum numbers to vector-like states:

E¢ ~E% ~ 17

Original mixing terms are allowed, but these aren’t:

eroiE? ~ 17, TRroIE? ~17.

Same residual symmetry that keeps Y7 diagonal
assures that the E states only mix with muons.

LFV effects are entirely controlled by Z5 breaking...

Make the conventional choice: v ~ 3

1 __ 1 _
L, = 5 MR VL VR + 52 v, osvr + |y L Hvgr + h.c]




mrLr — yuv
L eads to

tribimaximal form:
A+2B/3 —-B/3  —B/3
MRR — —B/3 23/3 A—B/3 MR
~B/3 A-B/3 2B/3
where A =1, B = zvg/mpg, and v ~ 246 GeV
Z3 breaking parameter: vs/Ar

Observed neutrino masses are consistent with

v ~mp < Ap if y<1

For example, if y ~ y. (easily arranged with an additional Zy)
mpg ~ vg ~ 20 TeV then vg/M, ~ 10~

LFV bounds easily satisfied.



For example, effective operator: ¢; — £;

T 1%

Zij ~ O(vrvs/A%) , (i # j)

For vr/Ar ~ 0.01, Ap = M,, Mg ~ 20 TeV: Z;; ~ O(10716)
For gp =0.1 and M =100 GeV, Bound: Z,. < 7.1 x 1077

Conclusions

Dark photon/Z’s with non-universal couplings to
leptons can be viable due to discrete symmetries.
This motivates further phenomenological study.




